Experimental investigation of magnetic pulse welding of ODS alloys by Manogaran, A. P. et al.
P. MANOHARAN, A.P. MANOGARAN, D. PRIEM, G. RACINEUX, S. MARYA
Institut de Recherche en Génie Civil et Mécanique (GeM)
UMR CNRS 6183
Ecole Centrale de Nantes
FRANCE
Experimental investigation of magnetic 
pulse welding of ODS alloys
I²FG Workshop on Impulse Forming – Gent – 7/05/2013
2Ecole Centrale Nantes
 4 Research Laboratory
 160 Researchers + Teaching
 150 Admn. + Technical
 13 Intl. Masters (3 Erasmus)
 1600 Students
1200 Engg, 230 Phd, 160 Masters
 Civil Engineering and Mechanics
 Fluid Mechanics
 Communication and Cybernetics
 Mathematics 
3Solide state welding group
• Solid State Welding
– Friction Stir Welding
– Linear and Friction Welding
– Magnetic Pulse Welding
• Forming
– Magnetic and electro-hydro forming
• Magnetic forming/welding equipments
– 5 forming generators (30kJ, 18kJ, 16kJ, 
12kJ







- FSW (Machining center. 









- TEM, AFM, Optical Microscope
- X-ray tomography
- Dynamic and static traction,…
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1. Introduction
 Challenge to weld cases
 Objective
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5Difficulty in Welding










⌦ Formation of Intermetallic 
phases
Unrealistic by Direct Fusion !  Solid State Welding
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6Impossible by Fusion Welding 2/2
Metal Matrix Composite (MMC)/ODS
TEM micrograph (Ferritic ODS)
[Y. de Carlan et al, 2009]
A Metal Matrix Composite is a material which
combines two different elements together
Metallic 
Matrix 
(Al, Fe, Ti,..) 




Fuel TubeDiscontinuously reinforced Ti-Alloy
 Physical Properties 
 Improved specific strength
 Fatigue resistance
 Elevated temperature strength
 Wear resistance 
But their Fabrication
Could be a solution for several 
applications
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7For welding Metal Matrix Composites without degrading its
properties, should not melt the material
 Solid State Welding
⌦ Magnetic Pulse Welding (MPW)
⌦ Friction Welding (FW)
⌦ Diffusion Bonding
 Formation of particle agglomerations during welding due to 
difference in density between the particles and the matrix. 
 Structural modifications of the materials due to large deformations. 
 Adverse chemical reactions between the particles and the matrix at 
high temperatures.
Difficulty in Welding
Impossible by Fusion Welding 2/2
Metal Matrix Composite (MMC)/ODS
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8To study the weldability of ODS alloy using MPW
 High chrome ferritic steel with nanometric Y2O3 particle.
 Due to its radiation resistance at high temperature ferritic ODS
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9 Similar to explosive welding (EXW)
 Acceleration  impact with very high
velocity
 Configurations : tubes, plates & spot
Advantage


















d : acceleration gap
α : angle of impact
JETTING
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Capacitance (C) 360 µF
Inductance (L) 0,5µH
Voltage (V) 8,3 KV
Energy (E) 12 KJ






 Fixed process parameters
 Generator (C, L)
 Parameters to chose
 Coil geometry (Ln, D, n)  (Lb, Rb)
 Discharge energy: E=1/2CV2
 Frequency 
 Skin thickness
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Experiments
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Results
Steel + 25 % TiC
W. No 1
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Fig. welded ODS alloy in G1 at XX 
kJ




W. No. 2 W. No. 3
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Fig. SEM image of weld interface 
welded in G2 at XX kJ
Fig. SEM image of weld interface 
welded in G2 at XX kJ
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Results
Observation : Microscopy optic
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Results
Observation : X-ray dot mapping
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Conclusions
 application of MPW ODS alloys is demonstrated
 high energy is required to weld ODS alloys  use of
pusher
 fusion type defects is observed in the end region 
optimization
 further analysis of welded zone is required (TEM,
high temperature Nitrogen gas test etc..,)
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Merci
Thank You
Questions??
